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REMARKS 

Applicant respectfully requests reconsideration. Claims 1-5, 8-20, 22, 27-32, 43, 45-57, 
63-65, 70-73, 76-80, 83, 84, 88, 89, 94, 95, 97 and 99 are pending in this application with claim 
1 being an independent claim. Claims 5, 13, 15, 45-57, 63-65, 70-73, 76-80, 83-84, 88-89, 94-95 
and 97 are currently withdrawn. Upon allowance of claim 1, reconsideration and in some cases 
rejoinder of the withdrawn claims is requested. 

Double Patenting Rejection 

The Examiner has provisionally rejected claims 1-4, 8-1 1, 16-20, 22, 27-32, 43 and 99 
under the judicially created doctrine of obviousness-type double patenting as being unpatentable 
over claims 41-46, 52-56 and 58-60 of co-pending Application No. 10/816,220. As stated in the 
previous response, Applicant defers substantive rebuttal of the provisional rejection until the 
cited co-pending application is allowed, and in the alternative requests withdrawal of the 
rejection once it is the only remaining rejection in the instant case. Applicant further notes that 
there is no outstanding rejection against claims 2, 3, 8-11, 16-20, 22, 27-32, 43 and 99, and 
therefore such claims should be deemed allowed and the double patenting rejection with respect 
to these claims should be withdrawn. 

Rejection under 35 U.S.C. §112, enablement 

Claims 1, 4, 12, and 14 stand rejected under 35 U.S.C. §112, first paragraph, as failing to 
comply with the enablement requirement. Applicant respectfully traverses for the reasons set 
forth below. 

Applicant has previously presented a full Wands analysis relating to the enablement of 
the pending claims. Applicant will not re-iterate that analysis, but will instead rebut the issues 
raised by the Examiner in the instant Office Action. 

Claim 1 and claims dependent on claim 1 relate to a composition comprising an 
immunostimulatory nucleic acid comprising the nucleotide sequence of SEQ ID NO:l. The test 
of enablement is whether one of ordinary skill in the art can practice (i.e., make and use) the 
claimed invention without undue experimentation. The Examiner acknowledges that the claimed 
composition can be made. However, the Examiner states that the composition cannot be used 
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because its use is limited to the treatment and/or prevention of cancer in a human subject, and 
Applicant has not demonstrated such use. Applicant respectfully traverses. 

MPEP 2164.01(c) states that "when a compound or composition is not limited by a 
recited use, any enabled use that would reasonably correlate with the entire scope of that claim 
is sufficient to preclude a rejection for nonenablement based on how to use" (emphasis added). 
The specification clearly states that one use of the claimed composition, including the recited 
nucleic acid, is immunostimulation. For example, the specification teaches that the claimed 
composition can be used to induce and/or enhance immune responses, including innate immune 
responses, antigen-specific immune responses, and mucosal and systemic immune responses. 
The claimed compositions can be used with antigens for vaccination purposes, or for 
immunotherapy or general enhancement of immune function. The specification teaches that one 
goal of immunotherapy is to augment an immune response to an established tumor. 
Immunotherapeutics such as anti-cancer antibodies can be used together with the claimed 
compositions in order to stimulate antibody-dependent cell cytotoxicity (ADCC). The 
specification further teaches the claimed composition can be used to stimulate antibody 
production in vivo, including anti-cancer antibody production. Accordingly, the specification 
provides a number of uses for the claimed composition, and all of these uses reasonably correlate 
with the scope of claims 1,4, 12 and 14. 

The Examiner however rejects immunostimulation as not reasonably correlating with the 
currently elected species recited in claims 4, 12 and 14. Claim 4 recites that the composition 
further comprises an antigen such as a cancer antigen. Claim 12 recites that the composition 
further comprises a therapeutic agent such as an anti-cancer agent. Claim 14 further limits the 
type of anti-cancer agent. None of the additional constituents of claim 4, 12 and 14 precludes the 
use of the claimed nucleic acid as an immunostimulant. Rather, each takes advantage of the 
immunostimulatory properties of the claimed nucleic acid. For example, the antigen of claim 4 
can be used together with an immunostimulatory agent in order to further promote an immune 
response and in particular an antigen-specific immune response. To this end, Applicant has 
demonstrated in Example 2 and FIGs. 15 and 16 the ability of a nucleic acid consisting of SEQ 
ID NO:l to stimulate an antigen-specific immune response when administered to a murine 
subject together with a microbial antigen. The Examiner provides no reasonable rationale for 
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why the combination of the same nucleic acid with a cancer antigen would not also yield an 
antigen-specific immune response in the same system. Similarly, the anti-cancer medicaments of 
claims 12 and 14 can be used together with an immunostimulatory agent in order to further 
promote an immune response. One of ordinary skill in the art will recognize that an 
immunotherapeutic such as an anti-cancer antibody can be used together with the claimed 
compositions to induce or enhance ADCC. Similarly, one of ordinary skill in the art will 
recognize that a chemotherapeutic agent that is able to kill cancer cells will help generate cancer 
cell debris including cancer antigens. The presence of an immunostimulatory agent in such an 
environment will induce an immune response to the released cellular debris, including any 
released cancer antigens. Therefore, induction of an immune response reasonably correlates with 
the combined use of the claimed immunostimulatory nucleic acids with antigens or anti-cancer 
agents. 

The Examiner maintains that the only use that correlates with the entire scope of claims 
4, 12 and 14 is treatment and/or prevention of cancer in human subjects. In other words, the 
Examiner is requiring in vivo human data to support these claims, and then only in the form of 
evidence of treatment and/or prevention of cancer. Such evidence can only be gotten via human 
clinical trials in accordance with the FDA. The Patent Office has never required human clinical 
trial data as a prerequisite for patentability. In re Brana 5 1 F.3d 1560 (Fed. Cir. 1995) The 
unduly burdensome standard asserted by the Examiner is not supported by the case law. 

As stated in the specification, the invention was based on the discovery of a nucleic acid 
sequence (SEQ ID NO:l) having an immune stimulation profile in vitro and in vivo similar and 
in some respects better than a previously known CpG nucleic acid (i.e., CpG nucleic acid 7909). 
The claimed invention relates to nucleic acids that minimally comprise SEQ ID NO:l, rather 
than a genus of sequence unrelated nucleic acids. Still many of the Examiner's comments are 
directed to the entire genus of CpG nucleic acids, with apparent disregard to the fact that the 
claims are directed to nucleic acids sharing a 24-mer consensus sequence to which 
immunostimulatory activity is attributed. 

Applicant sought a nucleic acid having activity similar to or better than CpG 7909 at least 
because CpG 7909 was a preferred clinical candidate compound showing in vivo 
immunostimulatory effects, including in cancer subjects. Approximately 165 nucleic acids were 
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screened in order to identify the claimed 24-mer sequence. CpG 7909 (5' TCG TCG TTT TGT 
CGT TTT GTC GTT 3') is similar to the claimed nucleic acids: both sequences contain 4 CpG 
motifs and at least 2 regions comprising at least 4 thymidines. Importantly, the nucleic acids are 
functionally similar. The nucleic acids are able to (a) stimulate proliferation and activation of 
human B cells in vitro to similar levels as shown in FIGs. 1 and 6; (b) stimulate secretion of IFN- 
alpha, IP- 10 and IL-10 from human cells to similar levels as shown in FIGs. 2-4 and 8-10; (c) 
induce TNF alpha from human cells to similarly low levels as shown in FIG. 1 1; (d) induce 1L- 
12, IL-6 and TNF alpha secretion in mouse splenocytes to similar levels as shown in FIG. 13; (e) 
induce mouse B cell proliferation to similar levels as shown in FIG. 12; (f) enhance NK lytic 
activity in mouse splenocytes to similar levels as shown in FIG. 14; (g) enhance antibody 
production (and thus titer) against HBsAg in a murine in vivo model system as shown in FIG. 
15); and (h) induce a Thl biased immune response as evidenced by similar ratios of IgGl vs. 
IgG2 in mice challenged with HBsAg. Many of these immune responses correlate with in vivo 
immune response induction, particularly in the context of cancer. See for example Weiner et al 
(J. Leuk. Biol. 2000 68:456-463) which documents the ability of CpG nucleic acids that induce B 
and NK cell activation, antigen-specific antibody production, and IP- 10, IL-10 and IFN-alpha 
secretion to induce immune responses in murine tumor models. Moreover, as documented in the 
references cited in the previous responses, CpG 7909 induces immune responses in human 
cancer subjects. For example, van Ojik et al. (Ann. Oncol. 2003 13:157) demonstrates induction 
of an antigen-specific immune response when CpG 7909 is administered with the MAGE-3 
cancer antigen, and Speiser et al. (J. Clin. Invest. 2005 1 15:739-746) demonstrates induction of 
an antigen-specific immune response when CpG 7909 is administered with the melanoma A 
cancer antigen. These references are submitted herewith for the Examiner's consideration. 

Accordingly, the evidence made of record by the Examiner and Applicant establishes a 
correlation between the in vitro and in vivo data presented in the specification and 
immunostimulatory effects in vivo, including in cancer subjects. 

The Examiner has not provided any reasonable basis for why these findings when taken 
together with the similar in vitro and mouse in vivo profiles of the claimed nucleic acids and 
CpG 7909 are not sufficient to establish use of the claimed nucleic acids in immunostimulation, 
whether used alone or with an antigen or an anti-cancer agent. 
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In view of the foregoing, withdrawal of the rejection of claim 1,4, 12, and 14 under 35 
U.S.C. §1 12 is respectfully requested. 



A Notice of Allowance is respectfully requested. In the event this response does not 
place the application in condition for allowance. Applicant requests an interview with the 
Examiner. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee, that is not covered by an enclosed 
check, please charge any deficiency to Deposit Account No. 23/2825. 



Dated: October 24, 2006 Respectfully submitted 



CONCLUSION 




Maria A. Trevisan 

Registration No.: 48,207 

WOLF, GREENFIELD & SACKS, P.C. 
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The induction of potent CD8* T cell responses by vaccines to fight microbes or tumors remains a major chal- 
lenge, as many candidates for human vaccines have proved to be poorly immunogenic, Deoxycytidyl-deoxy- 
guanosin oligodeoxynucleotides (CpG ODNs) trigger Toll-like receptor 9, resulting in dendritic cell maturation 
that can enhance immunogenicity of peptide-based vaccines in mice. We tested whether a synthetic ODN, CpG 
7909, could improve human tumor antigen-specific CD8+ T cell responses. Eight HLA-A2+ melanoma patients 
received 4 monthly vaccinations of low-dose CpG 7909 mixed with melanoma antigen A (Melan-A; identical to 
MART-1) analog peptide and incomplete Freund's adjuvant. All patients exhibited rapid and strong antigen- 
specific T cell responses: the frequency of Melan-A-specific T cells reached over 3% of circulating CD8 + T cells. 
This was one order of magnitude higher than the frequency seen in 8 control patients treated similarly but 
without CpG and 1-3 orders of magnitude higher than that seen in previous studies with synthetic vaccines. 
The enhanced T cell populations consisted primarily of effector memory cells, which in part secreted IFN-y 
and expressed granzyme B and perforin ex vivo. In vitro, T cell clones recognized and killed melanoma cells 
in an antigen-specific manner. Thus, CpG 7909 is an efficient vaccine adjuvant that promotes strong antigen- 
specific CD8 + T cell responses in humans. 



Introduction 

A major goal of therapeutic cancer vaccines is the induction of 
large numbers of antigen-specific T cell populations with effector 
functions that are able to mediate immune protection. In contrast 
to viruses and other pathogens, vaccines containing recombinant 
proteins or synthetic antigenic peptides usually fail to induce sig- 
nificant immune responses unless they are mixed with adjuvants 
(1, 2). Effective adjuvants display at lease 2 mechanisms of action: 
a depot effect that leads to prolonged antigen exposure in the host, 
and a capacity to trigger the innate immune system through acti- 
vation of DCs via Toll-like receptors (TLRs) (3-5). Upon proper 
antigen presentation, activated DCs play a key role in the induc- 
tion of T cell responses (6). Because of their high efficacy, several 
recently identified TLR ligands are promising vaccine adjuvants. 

Synthetic deoxycytidyl-deoxyguanosin oligodeoxynucleotides 
(CpG ODNs) contain unmethylated CG motifs similar to those 
observed in bacterial DNA. CpG ODNs elicit a complex immuno- 
modulatory cascade that includes the production ofT helper- 1- 
type cells and proinflammatory cytokines (7). CpG ODNs directly 
stimulate DC activation through TLR9 triggering (8, 9), leading to 
enhanced T cell responses specific for coadministered antigens in 
mice (10-14). For example, we have reported previously that addition 

Nonstandard abbreviations used: CpG.deoxycyridyl-deoxyguano.sin, IFA. incom- 
plete Freund's adjuvant; Melan-A, melanoma antigen A; ODN, oligodeoxynucleotide; 
pDC, plasmacytoid DC; TLR, Toll-like receptor. 
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of CpG ODNs to melanoma antigen A 2 ^ peptide (Melan-A 26 -35 
peptide; a widely used antigenic peptide in vaccine trials ofHLA-A2* 
melanoma patients) mixed with incomplete Freund's adjuvant 
(IFA) increased Melan-A-specific T cell responses in HLA-A2 
transgenic mice (15). However, the CpG motifs that stimulate the 
murine immune system are suboptimal for stimulating the human 
one. Indeed, TLR9-expressing human cells are susceptible to dis- 
tinct CpG motifs (16-18). The recently described CpG 7909 has 
been optimized to stimulate human plasmacytoid DCs (pDCs) and 
B cells in vitro and in vivo (18). 

Clinical studies have shown that CpG 7909 is a potent inducer of 
human innate immune responses and exhibits a strong adjuvant 
effect when coadministered with vaccines eliciting B cell responses 
against hepatitis B virus (19, 20). In contrast, it remains to be deter- 
mined whether CpG ODNs are efficient adjuvants for vaccine- 
induced human cytolytic T cell responses (7). Given the well-docu- 
mented but still relatively weak antigen-specific CD8* Tcell responses 
observed recently in melanoma patients vaccinated with Melan-A 2 6-3S 
peptide and IFA (2 1 -23), we tested whether coadministration of CpG 
7909 to the same vaccine would enhance T cell responses. We have 
therefore performed a phase I clinical trial to examine toxicity and 
immunogenicity of this approach. Our results show rapid and con- 
sistent T cell responses in vivo, highlighting the potential of.CpG 
7909 to enhance cellular immune responses in humans. 

Results 

Vaccination with CpG 7909, peptide, and IFA caused no major side effects. 
Eight HLA-A2* patients with advanced melanoma disease received 
4 monthly subcutaneous injections of low doses of CpG 7909, 
Melan-A analog peptide, and IFA. Vaccination with this novel 
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Figure 1 

Rapid in vivo responses of Melan-A-specific T ceils to vaccination (vacc) with low doses of CpG 7909, Melan-A peptide, and IFA. PBMCs were 
collected before, as well as 7-10 days after, vaccinations 2 and 4, and they were analyzed ex vivo by flow cytometry. (A) Dot plots from PBMCs 
of patient LAU 627, with percentage of Melan-A-specific cells among CD8 + T cells. (B) After 2 and 4 vaccinations, 6/8 and 8/8 patients, respec- 
tively, had significantly increased percentages (i.e., greater than 2-fold) of Melan-A-specific T cells. (C) A control group of 8 patients was similarly 
treated with Melan-A peptide and IFA but without CpG (23). After 2 vaccinations, none of the patients had more than 2-fold increased percent- 
ages. After 4 vaccinations, 4/8 patients had more than 2-fo!d increased frequencies, but percentages of Melan-A-specific T cells remained 
significantly (P < 0.01) lower as compared to those of CpG-vaccinated patients. (D) Fold increase of Melan-A-specific T cells before or after 4 
vaccinations in patients vaccinated with or without CpG. Horizontal lines indicate mean values. 



3-component vaccine caused no major side effects. Minor system- 
ic side effects were transient and included myalgia (4 patients), 
arthralgia and fatigue (3 patients), and nausea, malaise, and head- 
ache (2 patients). Interestingly, all 8 patients developed inflamma- 
tory signs at subcutaneous injection sites, with a peak of symp- 
toms (induration, erythema, mild to moderate pain) around 2 
weeks after injection. In response to recall vaccinations at distant 
sites in another limb, 4 patients showed reactivation of previous 
injection sites by redeveloping local inflammatory signs. Histolog- 
ical examination of a biopsy of one such distant reactivation site 
showed nonspecific inflammation with predominant perivascular 
lymphocyte infiltration (data not shown). 

Rapid and consistent in vivo generation of Melan-A-specific CDS' T 
cells. PBMCs collected before and after vaccination were analyzed 
ex vivo by flow cytometry using fluorescent CD8-specific anti- 
body and HLA-A2/Melan-A peptide rnultimers. After 4 vaccina- 
tions with CpG 7909, Melan-A peptide, and IFA, all 8 patients 
exhibited increased frequencies of Melan-A-specific CD8' T cells 
(0.07-3.00%), resulting in significantly (P < 0.01) higher percent- 
ages than before vaccination (Figure 1, A and B), 

After 4 monthly vaccinations, the 8 patients exhibited a frequen- 
cy of 1. 1 5% ± 0.93% (mean ± SD) Melan-A-speci fic CD8 + T cells. A 
control group of 8 melanoma patients was treated similarly but 
without CpG (Figure 1C), resulting in significantly (P < 0.01) lower 
Tcell frequencies (0.13% ± 0.1 1%). Also, the response rate was far 



below 1 00%, since only 4 out of 8 patients generated ex vivo detect- 
able T cell responses after 4 vaccinations. CpG-vaccinated patients 
reached a mean of 43-fold higher Melan-A-specific CDS* T cell 
frequencies than before vaccination, whereas patients vaccinated 
without CpG reached a mean of 1.9-fold higher frequencies than 
before vaccination (Figure ID). 

The majority of T cell responses developed rapidly: 6 out of 8 
patients had increased frequencies of Melan-A-specific CD8' T cells 
after just 2 vaccinations (Figure IB), This is again in sharp contrast 
to previous results. In the control group (Figure 1C), the lack of early 
responses (after 2 vaccinations) and the relatively low response rate 
are characteristic of all other studies with low-dose synthetic vaccines 
(21-25). Interestingly, patient LAU 444, who already had high levels 
of Melan-A-specific CD8 f T cells before vaccination (resulting from 
previous immunotherapy and a natural response to melanoma [26]), 
was the only patient whose frequency peaked after just 2 vaccina- 
tions. In the other 7 patients, maximal frequencies were reached after 
4 vaccinations. To our knowledge, these results demonstrate for the 
first time in humans that a synthetic peptide-based vaccine, when 
coadministered with adequate adjuvant, can rapidly elicit ex vivo 
detectable CD8 + T cell responses. 

Two of the 8 patients (LAU 371 and LAU 32 1) had previously 
been unsuccessfully vaccinated with Melan-A peptide mixed 
with the immunological adjuvants MPL and QS21 (Figure 2). 
During 4-5 years, the frequencies of Melan-A-specific T cells 
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Figure 2 

T cell responses to CpG vaccination (arrows) in patients that previously did not 
respond to vaccination with Me!an-A peptide and immunological adjuvants MPL and 
QS21 (vertical lines). Percentages of multimer T cells were determined ex vivo in 
PBMCs collected over an observation period of 4 to 5 years. (A) Patient LAU 321 ; 
(B) Patient LAU 371, 



remained ac stable low values (patient LAU 321, 0.05% ± 0.01%; 
patient LAU 371, 0.06% ± 0.02%), a frequent observation in 
immune nonresponders (27). Nevertheless, both patients 
responded rapidly and strongly to vaccination with CpG 7909, 
Melan-A peptide, and I FA (Figure 2). 

T cell frequencies peaked 7-10 days after recall vaccination. Results in 
Figures 1 and 2 were obtained with blood samples collected 7- 1 0 
days following the monthly recall vaccinations (i.e., vaccinations 2 
and 4). To determine the short-term kinetics of T cell responses, we 
analyzed additional blood samples collected immediately before 
and 14 days after recall vaccination with CpG 7909, Melan-A 
peptide, and IFA. The highest T cell levels were reached 7-10 days 
after recall vaccination (Figure 3). Maximal frequencies (as shown 
in Figures 1 and 2) were observed on day 7 in 4 patients (LAU 818, 
LAU 618, LAU 701, and LAU 672) and on day 10 in 3 patients (LAU 
627, LAU 371, and LAU 444). Interestingly, frequencies of circu- 
lating Melan-A-specific T cells dropped to relatively low levels 
14 days after recall vaccination (frequencies for patient LAU 321 
were not evaluable, since blood samples from days 7 and 14 were 
not available). Thus, recall vaccination with CpG 7909, Melan-A 
peptide, and IFA led to increased T cell frequencies during the first 
7-10 days, followed by a decline shortly afterwards, similarly to 
previous observations in mice (28-30). 

Predominance of effector memory T cells expressing effector genes in 
vivo. It is well established that Melan-A-specific T cells in melano- 
ma patients comprise naive and activated cells (31). To determine 
the differentiation state of vaccine-induced Melan-A-specific T 
cells, we first assessed CD45RA and CCR7 cell surface expres- 
sion (32, 33) by Melan-A-specific T cells. Before vaccination, the 
majority were naive CCR7* CD45RA' T cells (Figure 4A). In con- 
trast, after vaccination most Melan-A-specific T.cells displayed 
an effector memory phenotype (CD45RA CCR7"; Figure 4A and 
Table 1). After 4 vaccinations, effector memory cells accounted 
for 82% ± 13% of Melan-A multimer* T cells (mean ± SD of the 
8 patients), and naive, central memory, and effector T cells were 
only found at low percentages. To assess effector gene expres- 
sion directly, we sorted Meian-A-specific T cell subpopulations 
according to their expression of CD4SRA and CCR7. As described 
previously (33), we sorted 5-celI aliquots and isolated mRNA, 
which was transcribed to cDNA then nonspecifically amplified 



and finally used for PCR with sequence-specific 
primers. All cells were positive for CD3 (Figure 4B). 
As expected, naive cells, which are not cytolytic and 
do not produce cytokines, did not contain detect- 
able granzyme B, perforin, TNF-a, or NK receptor 
CD94 mRNA, and they only rarely gave an IFN-7 
signal. After vaccination, granzyme B, perforin, 
and IFN-7 mRNA transcripts were found in signifi- 
cant fractions of 5-cell aliquots of effector memory 
cells. Finally, after 4 vaccinations, effector memory 
cells showed increased expression of granzyme B 
and perforin, and some fractions of 5-cell aliquots 
also expressed TNF-y and NK receptor CD94. 

Activated T cells with fine specificity to the natural 
tumor antigen. All vaccinations were done with 
the Melan-A analog peptide ELAGIGILTV, which 
contains the amino acid leucine in position 2 
instead of the natural amino acid alanine. This 
substitution causes the analog peptide to bind 
more strongly and stably to HLA-A2, resulting 
in increased antigenicity and immunogenicity (31). To test the 
ability of T cells elicited by the vaccine to recognize A2/Melan-A 
antigen, we assessed the fine specificity of Melan-A-specific T 
cells in IFN-y Elispot assays performed ex vivo. After vaccination, 
Melan-A-specific, IFN-y-producing T cells from all 8 patients 
reached frequencies above the detection limit of 0.0 1 % of CD8 + 
T cells (Figure 5A and Table 2). The natural and analog peptides 
triggered comparable frequencies of Elispot-forming cells 
(0.12% ± 0.12% and 0.14% ± 0.10%, respectively). To assess the 
functional avidity, we tested the cytotoxic activity of A2/Melan-A- 
specific T cell clones derived from patients after vaccination. 
Cytotoxicity was peptide-specific and occurred at low peptide 
concentrations (Figure 5B), demonstrating high functional 
avidity to A2/Melan-A. The observed hierarchy of peptide rec- 
ognition efficiency is characteristic for the majority of Melan-A- 
specific T cell clones and is in accordance with the hierarchy 
of binding strength of the 3 peptide variants to HLA-A*020! 
(31). In agreement with these findings, the clones indeed killed 
the A2 T /Melan-A* melanoma cell line Me 275, but not the 
A2 4 /Melan-A" melanoma cell line NA8 (Figure 5C). These data 
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Figure 3 

Short-term kinetics of Melan-A-specific T cells from 2 representative 
patients with maximal (max.) responses on day 7 (patient LAU 818) 
and on day 10 (patient LAU 627) after recall vaccination with CpG 
7909, Melan-A peptide, and IFA. PBMCs were collected immediately 
before, as well as 7, 10, and 14 days after, recall vaccination. Percent- 
ages of multimer 4 T cells were determined ex vivo and calculated in 
percentages of maximally reached values (1 00%) per patient. 
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Figure 4 

Expression of effector media- 
tors by vaccine-activated Melan- 
A-specific T cells. Multiparameter 
cytometric analysis and sorting 
was performed with A2/Melan-A 
multimers and antibodies specific 
for CD8, CD45RA, and CCR7. 
(A) Expression of CD45RA and 
CCR7 is shown for A2/Me!an-A 
multimer CD8 + gated cells. (B) 
RT-PCR gene expression analysis 
was performed (33) using primers 
specific for CD3, granzyme B, 
perforin, IFN-y, TNF-a, and CD94, 
on sorted A2/Melan-A multimer 
T cells which were RA + CCR7 + 
(naive cells) or RA"CCR7 + effec- 
tor memory cells. Each band 
represents the RT-PCR product 
from RNA isolated from sorted 
5-cell aliquots. Data in A and B 
(representative of 8 and 2 patients 
analyzed, respectively) are from 
PBMCs collected from patient 
LAU 371 before and after 2 and 4 
vaccinations. +, positive control; - 
negative control; N, naive T cells; 
EM, effector memory T cells. 



demonstrate that T cells induced by a vaccine comprised of a 
synthetic Melan-A analog peptide specifically recognized the 
natural Melan-A antigen expressed by tumor cells. 

Discussion 

This study represents the first human trial of CpG ODN com- 
bined with a T cell peptide antigen. It demonstrates chat CpG 
7909 is an efficient adjuvant that promotes rapid antigen-specific 
CD8 + Tcell responses. As compared to vaccination without CpG, 
responses were 1 order of magnitude higher. Synthetic peptide 
plus adjuvant vaccines have been shown to induce only low fre- 
quencies of circulating antigen-specific T cells, despite administra- 
tion of 8 or more injections (34, 35). Moreover, in the majority of 
cancer patient studies reported so far, T cell responses could not be 
detected ex vivo but rather only after 1 or more rounds of in vitro T 
cell stimulation and proliferation (21, 24, 36, 37). A small number 
of studies (using 0.'5- 1 mg peptide per vaccination plus adjuvants 
or cytokines) described ex vivo detectable T cell responses (22, 25), 
but Tcell frequencies were still 10-100 times lower than what we 
observed in the present study. Only 1 study reported higher per- 
centages of antigen-specific T cells following vaccinations with the 
particularly immunogenic gplOO T2M analog peptide and IFA. 
However, very high doses were used for vaccination: the cumula- 
tive peptide dose was 100-fold higher and the number of vaccina- 
tions 10-fold higher than in our study (38). 



The HLA-A2/Melan-A antigenic system constitutes a well- 
defined model for studies of spontaneous and vaccine-induced 
CD8* T cell responses in humans (31, 37). Besides the gplOO ana- 
log peptide 2TM, Melan-A peptide is one of the rare cancer peptide 
antigens capable of inducing ex vivo detectable Tcell responses in 
relatively large proportions of patients (22, 37). The availability of 
strong adjuvants such as CpG 7909 makes it possible to investi- 
gate the immunogenicity of weaker antigens, which make up the 
m ajo ri ty of kn own can ce r e p i topes. 

Both CpG and peptide were given at low doses. Future studies will 
test whether increased doses of CpG 7909 and/or peptides can fur- 
ther enhance T cell activation. CpG 7909 can be administered to 
humans with generally acceptable tolerability at doses up to at least 
20 mg per injection weekly for 6 months or longer (A. Krieg, unpub- 
lished observations), that is, at cumulative doses that are 250-fold 
higher than in our study. Very high CpG ODN doses (2.5 mg/kg) 
given daily for 20 days have recently been reported to destroy lym- 
phoid tissue structures in mice (39). High-dose effects also include 
extramedullar hematopoeisis and a lethal systemic inflammatory 
response syndrome in mice (40). The potential toxicities of high- 
dose CpG 7909 administration in humans are likely to be largely dif- 
ferent from those reported in mice, due to the much more restricted 
distribution of TLR9 expression in human as compared to mouse 
immune cells (5, 17). Our patients had no apparent liver toxicity, no 
enlargement of lymph nodes or spleen, and intact antigen-specific B 
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Table 1 



Percentages of naive and non-naive Melan-A-specific T cells 





I N 


'CM 




Te 










+ 


CCR7 


+ 


+ 


- 




LAU 627 


0 


4 


93 


2 


LAU818 


0.7 


7 


89 


3 


LAU 618 


0.1 


8 


91 


0.8 


LAU 321 


5 


30 


60 


5 


LAU 371 


0.7 


15 


84 


0.6 


LAU 444 


1 


1 


93 


5 


LAU 701 


2 


5 


62 


31 


LAU 672 


5 


7 


86 


3 


Mean 


2 


10 


82 


6 


SD 


2 


9 


13 


9 



Percentages of naive (T N ; RA + CCR7 + ), central memory {T CM ; 
RA-CCR7*), effector memory (T EM ; RA-CCR7"), and effector (Te; 
RA*CCR7-) T cells were determined among A2/Melan-A multimer gated 
T cells from PBMCs collected 7-1 0 days after the fourth vaccination. 



cell responses (data not shown). Two lymph node biopsies after CpG 
7909 vaccination showed follicles with normal struccure. Interest- 
ingly, 4 of 8 patients developed circulating anti-dsDNA antibodies 
as detected by ELISA, but there were no clinical signs for autoim- 
mune disease, and systemic inflammatory markers in sera (TP- 10. 
CRP) remained normal. We are currently investigating the possibil- 
ity that the antibodies could be specific for CpG 7909. 

Out of the 8 patients included in the study, 3 had no evidence 
for disease at study entry; during the study, 1 of them remained 
disease-free, 1 progressed, and 1 showed local tumor relapse. 
Among the 5 patients with measurable disease at study entry, 1 
had stable disease, 2 progressed, and 2 showed local relapse. This 
phase I study was not designed to assess tumor response, and the 
follow-up time was short (mean of 7 ± 2 months after inclusion in 
the study). Comprehensive clinical results need to be obtained in 
phase IT trials with more patients and a longer follow-up time. 



In contrast to mouse TLR9, human TLR9 is only expressed by 
pDCs and B cells. Presumably, B cells are not involved in T cell acti- 
vation, suggesting that pDCs were responsible for the observed T 
cell responses (41). One important question is whether our vaccine 
was capable of priming T cells, or whether the observed responses 
were due to reactivation and/or redistribution of previously primed 
cells. Remarkably, the levels of circulating naive Melan-A-specific 
T cells were abnormally low after CpG 7909 vaccination (undetect- 
able in 4 patients, 0.03% + 0.02% in the remaining 4 patients). For 
comparison, naive Melan-A-specificT cells are present at relatively 
high frequencies (0.07% ± 0.06%) in untreated healthy individuals 
and melanoma patients (42). Our observations that all patients 
responded, and that naive cell frequencies were low after vaccina- 
tion, suggest that CpG 7909 vaccination was indeed capable of 
priming naive T cells. This conclusion is also supported by recent 
mouse experiments showing that CpG ODN-matured pDCs can 
prime CD8 + T cells in vivo (4 1). 

We also analyzed whether the prevaccination immune status 
differed between patients treated with and without CpG. How- 
ever, we did not find significant differences with regard to pre- 
vaccination frequencies of naive cells or of each of the 3 other 
Melan-A-specific T cell populations defined by CD45RA/CCR7 
expression. Data were interpretable from 3 patients of each 
group (data not shown). We have recently demonstrated that 
the percentage of preexisting CD28 negative Melan-A-specific 
T cells correlates with T cell responsiveness to vaccination with 
peptide and IFA in stage TIT-TV melanoma patients (26). Analyz- 
ing this aspect in the present study, we could not find a statisti- 
cally significant difference between the 2 patient groups (mean 
prevaccination percentages ± SD of CD28 negative Melan-A-spe- 
cific T cells were 28% ± 33% and 29% ± 27% in patients treated 
with and without CpG, respectively). Data were interpretable 
from 6 patients of each group (data not shown). Based on these 
findings, one may speculate that vaccination with CpG induces 
increased frequencies of circulating T cells independently of the 
patient's prevaccination immune status, whereas T cell responses 
to peptide and IFA vaccination (without CpG) depend signifi- 
cantly on endogenous (tumor-driven) immunogenicity (26). 



Figure 5 

T cell receptor fine-specificity and tumor cell rec- 
ognition. (A) PBMCs from patient LAU 371 were 
tested ex vivo in IFN-y Elispot assays before and 
after vaccination with HIV, tyrosinase, and Melan-A 
natural and analog peptides. (B) Melan-A-specific 
T cells were sorted by flow cytometry and cloned, 
and cytotoxicity was tested against T2 cells in the 
presence of the following titrated HLA-A2 binding 
peptides: Melan-A analog (squares), Melan-A natu- 
ral decamer (circles), Melan-A natural nonamer (tri- 
angles), and influenza matrix protein GILGFVFTL 
(diamonds). (C) Cytotoxicity against HLA-A2* mela- 
noma cell lines Me 275 (Melan-A + ; filled symbols) 
and NA8 (Melan-A - ; open symbols) in the presence 
(squares) or absence (circles) of synthetic Melan-A 
analog peptide. Data shown were generated with 
clone 6 derived from patient LAU 371 and are repre- 
sentative for 12 of 22 clones generated from patients 
LAU 371 and LAU 444. 
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Table 2 

Percent age of IFN-y ElispoHorming cells 



Melan-A peptide 



Patient 


Natural 


Analog 


LAU 627 


0.08 


0.08 


LAU 818 


0.05 


0.06 


LAU 618 


0.07 


0.13 


LAU 321 


0.02 


s0.01 


LAU 371 


0.11 


0.12 


LAU 444 


0.40 


0.32 


LAU 701 


0.02 


0.02 


LAU 672 


0.19 


0.23 


Mean 


0.12 


0.14 


SD 


0.12 


0.10 



Percentages of Eiispot-forming cells among CD8+ T cells in PBMCs are 
shown for all 8 patients after vaccination. Background results with HIV 
polymerase peptide and without peptide were below the detection limit 
of 0.01% (not shown). 



The pattern of specific T cell expansion and contraction fol- 
lowing recall vaccination is reminiscent of acute T cell responses 
observed in mice (28-30). Interestingly, in patients vaccinated with 
Melan-A and IFA without CpG, such rapid changes of specific T 
cell frequencies were not observed (data not shown). In the major- 
ity of cancer vaccine studies reported so far, antigen-specific T cells 
were analyzed at only a single time point after each vaccination. 
With the introduction of highly efficient adjuvants such as CpG 
7909, stronger, shorter-lasting T cell responses can be observed. 
Thus, antigen-specific T cells should be monitored at multiple 
time points after vaccination. 

One possible explanation for the rapid decline during the second 
week after recall vaccination is T cell migration into lymphoid and 
tumor tissues (43). We were able to investigate metastases surgi- 
cally removed from 3 patients after vaccination with CpG 7909, 
Melan-A, and IFA, and found that 5.03%, 0.12%, and 0.08% of 
CD8 + T cells were specific for Melan-A (data not shown). Ongoi ng 
studies will address the question of whether vaccine-activated T 
cell clones are found in these lesions. We are also developing tech- 
niques to estimate the percentage of T cells that undergo apoptosis 
and/or migrate to other compartments (29, 44). 

The vaccine-induced T cell populations consisted predominanc- 
ly of effector memory T cells (CD45RA CCR7 ). Central memory 
and effector cells were also induced, but to a much lesser extent. 
Most non-naive cells expressed IFN-y mRNA. Effector memory 
cells expressed granzyme B mRNA, and some of them expressed 
perforin mRNA. While this was the case for the majority of 5-cell 
aliquots after 4 vaccinations, only a few cells were positive for gran- 
zyme B after only 2 vaccinations. Finally, TNF-ct and CD94 were 
expressed by only a small fraction of cells. Through our ongoing 
studies, we aim to elucidate whether multiple recall vaccinations 
can induce effector functions in the majority of cells. 

It is conceivable that the magnitude and durability of antigen- 
specific T cell responses induced by peptide-based vaccines could 
be further enhanced by the use of other types of CpG ODNs, 
such as the C type, which recently has been reported to induce 
higher levels of IFN-a secretion than the B type, which was used 
in this study (45-48). Indeed, IFN-a appears to improve the 
development of T cell memory (49, 50). Moreover, various other 



TLR ligands are becoming available for use in humans and are 
interesting candidates as adjuvants for vaccination and induc- 
tion of protective immunity. 

In conclusion, this study underscores the synergy of com- 
bined triggering of innate and specific immunity. The TLR9 
ligand CpG 7909 is a potent stimulator of innate immune cells, 
and its coadministration with antigen induces high numbers 
of antigen-specific CD8* T cells! Our findings suggest that fur- 
ther approaches to T cell-directed immunotherapy should take 
advantage of such a synergy. 

Methods 

Patients, eligibility criteria, and study protocol. HLA-A2" patients 
with histologically proven metastatic melanoma of the skin 
expressing Melan-A/MART- 1 (determined by RT-PCR or 
immunohistochemistry) were included after informed consent was 
obtained in this phase I prospective trial of the Ludwig Institute 
for Cancer Research (LICR). Study protocols were approved by the 
LICR protocol review committee, as well as by the medical and ethi- 
cal committees of the University Hospital (Lausanne, Switzerland). 
Inclusion criteria were as follows: Karnofsky performance status 
of at least 70%, normal complete blood count and kidney-liver 
function, and no concomitant anti-tumor therapy or immunosup- 
pressive drugs. Exclusion criteria were pregnancy, seropositivity for 
HIV-1 Ab or hepatitis B surface antigen, brain metastasis, uncon- 
trolled bleeding, clinically significant autoimmune disease, or New 
York Heart Association class III-IV heart disease. Study end points 
were toxicity and CD8* T cell response. All patients were evaluated 
for immune response and treatment toxicity. Patients received 4 
vaccinations subcutaneously in monthly intervals. The low-dose 
vaccines were composed of500^igCpG 7909, 100 ng Melan-A ana- 
log peptide, and 300 ul IFA (Montanide ISA-51; Seppic) all mixed 
together and prepared in a syringe as a stable emulsion. Phos- 
phorothioate backbone CpG 7909 (TCGTCGTTTTGTCG ITTT- 
GTCGTT) was produced by Coley Pharmaceutical Group under 
good manufacturing practice conditions, and had no detectable 
endotoxin by limulus amebocyte lysate assay. The Melan-A analog 
peptide 26 -35 ELAGIGILTV was synthesized by NeoMPS Inc. and for- 
mulated (330 ng/ml in PBS/30% DMSO) by the Biological Produc- 
tion Facility, LICR Melbourne. The IFA (Montanide ISA-5 1; Seppic) 
contained mineral oil (Drakeol) and anhydro mannitol octadec- 
anoate. Control patients were treated similarly with 4 monthly 
vaccinations as described previously (23), except the vaccines did 
not contain CpG ODN. As in most phase I studies, patients were 
not randomized, but first assigned to the control group and sub- 
sequently to the CpG group. Patient LAU 444 was first included in 
the control group, and 2 years later in the CpG group. 

Blood cells, HLA-A2/ 'peptide multimers, flow cytometry, and IFN-y 
Elispot assays. Ficoll-Paque centrifuged PBMCs (1 x 10 7 -2 x 10 7 ) 
were cryopreserved in RPMI 1640, 40% FCS, and 10% DMSO. 
Phycoerythrin-labeled HLA-A*0201/peptide multimers (originally 
called tetramers) were prepared as described previously (42, 5 1) with 
Melan-A analog peptide 2 6-35 ELAGIGILTV. Anti-CD8, anti-CD28, 
and allophycocyanin-conjugated goat anti-rat IgG were purchased 
from BD Biosciences and anti-CD45RA was from Immunotech. 
Anti-CCR7 rat IgG2a mAb 3D 12 was provided by Martin Lipp 
(Max Delbrueck Center for Molecular Medicine, Berlin, Germany). 
Five color stains were done with HLA-A2/peptide multimers, FITC- 
conjugated anti-CD28, PE-Texas Red-conjugated anti-CD45RA, 
allophycocyanin-Cy7-conjugated anti-CD8 reagents, and anti- 
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CCR7 mAb followed by allophycocyanin-conjugated goat anti-rat 
IgG antibody. Briefly, CD8 + T cells were enriched using a MiniMACS 
device (Miltenyi Biotec) resulting in more than 90% CD3 + CD8 + cells. 
Cells (10 6 ) were incubated with multimers (1 M-g/ml, 60 minutes, 
room temperature) and then with antibodies (30 minutes, 4°C). 
We acquired 5 x 10 s CD8* T cells per sample with a FACSVantage 
machine, and data were analyzed with CellQuest software (BD 
Biosciences). IFN-y Elispot assays were performed using IFN-y-spe- 
ciflc antibodies (Diaclone, Biotest). Briefly, plates were coated over- 
night with antibody to human IFN-y and washed 6 times. We added 
1.66 x 10 s PBMCs/well in 200 u.1 Iscove medium (Gibco; Invitrogen 
Corp,) supplemented with 8% human serum and 10 M-g/ml peptide 
and incubated it for 16 hours at 37° C. Assays were performed in 6 
replicates, without peptide or with peptides derived from Melan-A 
(natural EAAGIGILTV, analog ELAGIGILTV), tyrosinase YMDGT- 
MSQV, and HIV-1 polymerase ILKEPVHGV. Cells were removed, 
and plates were developed with a second (biotinylated) antibody 
to human IFN-y and streptavidin-alkaline phosphatase (Diaclone, 
Biotest). The spots were revealed with BCIP/NBT substrate (Sigma 
Tablets; Si gm a- Aid rich) and counted with an automatic reader (Bio- 
reader 2000; BioSys GmbH). The percentage of CD3*CD8' PBMCs 
was determined by flow cytometry on the same batch of cryoprc- 
served cells. Results of both multimer* T cells and Elispot-forming T 
cells were calculated as a percentage ofCD8 + T cells. For each patient 
and assay system, pre- and post-vaccination samples were thawed 
and tested in the same experiment. 

Quality control of laboratory immune monitoring. Standardization of 
multimer and IFN-y Elispot assays was done with 180 unselected 
blood samples from healthy donors and patients (27). For both mul- 
timer and IFN-y Elispot assays, the detection limit was 100 cells in 
10 6 CD8 + T cells (0.01%) (42). Repeated analyses showed 15% ± 16% 
(mean ± SD) variation in multimer cells (37). Good reproducibility 
was also found for the Elispot assay (variation of 30% ± 21%). In 
addicion, longitudinal intraindividual result variability was assessed 
by testing multiple blood samples from individuals without a T cell 
response against Melan-A. Variation coefficients (SD in percent of 
mean multimer* values) were 20% ± 27%. For IFN-y Elispot assays, 
negative controls with all PBMC samples had a mean of less than 
0.003% spots among CD8* T cells, confirming that the background 
was far below the detection limit of 0.0 1 %. 

Cell sorting cDNA amplification, and 5-cell RT-PCR. CD8* T cells 
were enriched with a MiniMACS device and stained with multi- 
mers and antibodies as described above. Five-cell aliquots were 
sorted directly with a FACSVantage SE machine into wells of 96-V 
bottom plates. cDNA preparation, cDNA amplification, and PCR 
were done using primers for CD3, granzyme B, perforin, IFN-y, 



TNF-y, and CD94 as described (33). Either water or Daudi B cell 
line extract was used as a negative PCR control (-); 10 3 PBMCs 
from a healthy individual were used as a positive control (+). 

Tccll cloning and cytotoxicity assay. Multimer* CD8* T cells were 
sorted by flow cytometry, cloned by limiting dilution, and expand- 
ed with phytohemagglutinin (PHA) and allogenic feeder cells in 
medium containing 150 U/ml human recombinant IL-2 (hrIL-2) 
and 10 ng/ml hrIL-7. Subsequently, they were periodically (every 
3-4 weeks) restimulated with PHA, irradiated feeder cells, and 
hrIL-2. Lytic activity and antigen recognition were assessed func- 
tionally in 4-hour sl Cr release assays (42). Target cells were T2 ceils 
(A27Melan-A") and the melanoma cell lines Me 275 (A2 + /Melan- 
A + ) and NA8 (A2 + /Melan-A-) (31). The percentage of specific lysis 
was calculated as follows: 100 x ([experimental - spontaneous 
release]/f total - spontaneous release]). 
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remission was obtained in 31 cases (82%), partial response to 2 cases 
(5%X progression in 2 (5%), and 3 patients were not evaluated. Nineteen 
patients relapsed (50%), ten (26%) with systemic relapse, four (13%) local 
and jftve (13%) locoregfonal faflnre. At the moment of the analysis the 
median follow-up la 64 months (limits 12-233), 14 patients are alive and 
. disease-free (37%), S patients are alive in relapse (13%) and 19 patients 
died, 16 (42%) secondary to tumor progression and 3 (8%) by other 
causes. Median survival of 54 months and ten year survival of 33%. 
Median survival in patients treated before 1990 was 47 months; m 
patients treated after that date the median survival has not been arised 
(p=0.49). Median survival in patients treated only with RT was of 47 
months and in patients in which CT was added the survival was of S3 
months (r>=0.19). CONCLUSIONS: Undifferentiated nasopharyngeal 
carcinoma is an uncommon tumor. Median age of the patients is lower 
than . age of diagnosis of head and neck cancer. The disease appeals at 
advanced stages. RT Is the main therapeutic modality and the overall 
response rate must be near 70%. Combination treatment (RT-CT) 
improves the results and is considered today the standard treatment 
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[5770 1 Incidence, prevalence, phototype and biologic spectrum 
of gastrointestinal stromal cell rumors (GIST) - A 
population-bawid study of 600 cases • 
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(2), Sasa DimitrAievic (3), Monserrat Miret (4), Aydin Dcrtck (5), Bcugt 
NilS80n(2) 1 1 

(1) Sahlgrenslca University Hospital, Dept of Pathology, Goteborg, 
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<2) Novartls Fhanna AO, Basel, Switzerland 

(3) No vartis Phanna AG, Barcelona, Spain 

(4) No vartis Phanna AO, Bast Hanover, New Jersey, USA 

The recent refinement of diagnostic criteria for GIST and particularly 
the ability to detect the KIT receptor mnnunohistochemicaily with 
CD 117 have now made it possible to determine the true incidence and 
prevalence of GIST. With the development 6f the remarkably effective 
new treatment modality Glivcc (Imatmib, formerly STI571, Novartis), a 
KIT receptor tyrosine kinase inhibitor, further definition of diagnostic 
criteria and prognostic markers has become extremely Important Most 
previous large Btodies of GIST are probably biased regarding its 
spectrum of biologic behavior, since they have been baaed primarily on 
cases that have. been diagnosed and/or treated at a referral center. Our 
study aims to analyze a well-defined population from southwestern 
Sweden (population approximately 1.5 million) where all histopathologic 
diagnoses have been made in four pathology laboratories. All potential 
cases of GIST diagnosed between 1983 and 2000 have been retrieved and 
reviewed, resulting in a total of 600 GIST fulfilling diagnostic criteria 
which included CD1 17 immuooreactivity. Histologic and 

^immunopheflotypie features have been analyzed as well as details of 
clinical presentation, behavior, treatment, and prognosis. In addition, 
material has been obtained for a tissue array bank and for KIT mutation 

. ^analysis. AD data is currently being subjected to multivariate statistical 
analysis. Our results indicate that 1) symptomatic/dinically detected 
GIST occur with an incidence of approximately 20 cases/million 
inhabitants per year; 2) GIST Is a rather common Incidental finding at 
surgery, endoscopy, or autopsy; 3) histologically GIST has been 
underrecognlzed and its malignant potential has been underestimated; 4) 
the histologic spectrum of GIST is wider than previously recognized; and 
5) a small subgroup of GIST tacking CD1 17 immunoreactivity can be 
defined. 
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treatment In disseminated malignant melanoma (MM) 
with or without brain metastases (BM): A randomized 
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This phase in study compared F (lOOrag/m 3 tv weekly, 3 weeks) and 
DTIC (250 mg/nfld iv, 5 days every 3 weeks, 2 cycles) in terms of 
objective response rate (OR), safety profile, quality of life (QoL) using 
QLQ-C30 scores, and overall survival (OS), Non-progressive patients 
(pts) received a maintenance therapy every 3 weeks (F 100 mg/m 1 or 
DTIC 250 mgforVdxS). From 02.98 to 09,00, 229 pts were randomized to 
receive F (n=112) or DTIC (n=l 17). In the Full Analysis Set, the OR 
was 15.5% (F) rerw 7.2% (DTIC) (p=0.O53). In pts without BM at 
Inclusion (n»182), the median tune of BM occurence was 22.7 (F) w 7.2 
months (DTIC) (p=0.059)> The mam toxicity was grade 3-4 neutropenia 
(51% of pts in F arm vs 5% in DTIC arm) and thrombocytopenia (43% 
in F arm w €% in DTIC aim) securing mainly during induction: Severe 
non-hematological toxicity was infrequent, fnetnHfng pain (4 pts in F vs 
17 in DTIC) and nausea-vomiting (3 pts in F w 4 In DTIC). No toxic 
death occured. No significant difference was noted for QoL results 
between arms (o°156). Subgroup analyses showed a general trend for 
deteriorating QoL In progressive pts and stable or improving QoL for 
others. At time of analysis, the median OS was 7,4 (P) w 5.8 months 
(DTIC) (p=0.073). A positive trend b favor of F in terms of OR, OS, 
and time to BM occurence was seen in first lino treatment of MM. Both 
treatments had acceptable safety profiles and no difference was noted in 
QoL scores. — - — 
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Vaccination is a new rapidly expanding modality in antitumor' 
immunotherapy. To improve effectiveness of anticancer vaccines 
powerful Immunological adjuvants are needed. Recently^ specific 
synthetic oUgodeojiynudeotidc sequences demonstrated immune- 
stimulatory effects. The din uc bo tide CpG 7909 is a novel promising 
adjuvant for induction of both humoral and cell-mediated immune 
responses Furthermore, MAGE-3 encoded tumor-specific antigens are 
established targets for anticancer vaccine therapy. In a ongoing phase 
l/U study patients with metastatic MAGE-3 positive melanoma were 
vaccinated with CpO 7909 and MAGE-3 protein to evaluate safety, 
to legibility, immunological icactiveness and antitumor activity. 
Eligibility was according to standard criteria. Patients known With 
autoimmune diseases were excluded. Patients were vaccinated 
intramuscularly on days 1, 22, 43 and 64, Patients without progression 
received further vaccinations on days 92, 113 and 134. Wo studied 2 
' different dose levels of CpG 7909 (500 and 1000 microgram). The 
MAGE-3 protein dose was fixed at 300 nucrogram. Presently 13 patients 
have been enrolled, 8 in cohort 1 and 5 in cohort 2, Eleven patients 
received at least 2 vaccinations, one 2, one 3, two 4, one 6, four 7, one 12 
and one IS vaccinations, respectively. Two patients in cohort 1 were not 
evaluable due to rapid progressive disease (1) and intercurrent 
neurologic paraneoplastic syndrome (1). Treatment was well tolerated 
with transient grade I and II toxicities consisting of fever, fatigue, 
myalgia, headache, nausea/vomiting, tenderness and skin reaction at the 
injection site with do apparent CpO 7909 dose-related differences. One 
patient showed stable disease (12+ months) and 1 patient developed a 
partial response (9+ months). Preliminary immunological analysis 
showed an increase (10-1 SOX) in and- MAGE-3 antibody titers with a 
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stronger reaction fas the 1000 microgram CpO dose cohort In 
conclusion, vaccination with the immunological adjuvant CpO 7909 up 
to a doso of 1000 microgram in combination with the MAOE-3 protein 
is well tolerated and safe. The preliminary results of this study support 
farther research. 
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Dexosomes (Dendritic ceD-derived BXosomes), 60-90nm vesicles- 
released by immature raonocyte-derived dendritic cells (MD-DC), can be 
efficiently loaded with tumor peptides to induce potent T cell 
•stimulation. A Phase I safety and feasflibity study of DEX vaccine 
therapy was conducted in IS patients with advanced melanoma. 
Eligibility requirements: Stage IU/TV melanoma, HLA A1/B3S and 
DP04 haplotype, tumor Mage-3 expression and + recall skin testing. The 
DEX were Isolated from DC culture supernatant from a single 
leukapheresis (except m 2 pt). Tumor peptides (Mage-3.A1/Mage« 
3.DP04 were losded onto the DC during culture (6 pts); or loaded 
directly onto the purified dexosomes (9 pts). Escalating doses of 
cry ©preserved DEX were administered by 4 weekly id/sc injections, then 
every 3 weeks in patients who achieved stable disease or a tumor 
regression*. Fifteen patients have entered the study and 13 have 
completed vaccine therapy as of June 1st, 2002. Patient characteristics: 
median age 59 (range 29-76); MiF, 8:7; Stage; HI 5 pta, IV 10 pts; 53% 
had prior chemotherapy; 27% bad prior immunotherapy; 4 patients had 
an elevated LDH at entry. All patients had progressive disease before 
treatment, sites of metastatic disease included skin, lung, nodes and liver. 
&£Stf!s: The vaccine therapy was well tolerated, without evidence of 
serious toxicity. Among the 13 patients who have completed treatment, 
one patient with Stage III disease achieved stable disease following the 
first 4 injections, received 8 additional vaccine Injections with continued • 
stable disease 15+ months. One partial response on lymph nodes and 
one "mixed" response have been observed at the highest level 
Immunomonitoring results will be presented including lymphocytes 
microcultures screened by MAGE .3-A1/B35 tetramers allowing isolation 
of specific CTL clones in stable or responding patients. This phase I trial 
demonstrate that administration of DEX is feasible end safe with 
encouraging clinical and immunological responses to support a phase II 
study in melanoma. Clinical and immune responses of all 15 patients will - 
be presented and updated. 
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Introduction: The c- kit-gene encodes a transmembrane tyrosine kinase 
receptor and plays an important role in tumor growth, invasion and 
metastatic spread of malignant melanoma. Expression of c-kit was 
investigated in preclinical studies. No large clinical study has been done 
thus far. Patients and Methods: Primary tumor specimens of 189 
radically resected patients with stage I and ft malignant melanoma were 
examined for the presence of c-kit expression. Formalin-fixed, paraffin 
embedded, tissues were stained with the polyclonal rabbit anti-human c- 
kit antibody (Dako®). The univariate and multivariate analysis of c-kit 
expression and other clinical (disease free survival) or pathological 
features (Breslow, Clark, microscopic ulceration) have been performed. 
Results: In the population of 189 early stages melanoma patients 
occurred 37 recurrences. Among investigated samples were 121 (64%) 
negative for e-kit expression, 57 (30%) samples were positive in less than 
50% of cells and 1 1 (6%) samples were positive in more than 50% of cells. 
In univariate analyses, high Breslow, Clark and the presence of 
microscopic ulceration were significantly associated with shorter disease 
free survival (respectively: jXQ.000001; pO.0007; p<0.0001). e-kit 
overexpression almost reached statistical significance (pO.0594) as a 
negative prognostic factor. In multivariate analyses the combination of 
Breslow, ulceration and c-kit appeared useful in the assessment of 
patient prognosis (respectively: p<0.0002, pO.0062, p<0.0142). When 
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ah* parameters were correlated to each other the only strong positive 
correlation was found between Breslow and Clark (r=0 t 61 ; p = 0.0001). 
Conclusion: Breslow, Clark and rnicroscoplc ulceration were only 
statistically significant prognostic factors. However, c-kit expression 
almost reached the significance. The combination of Breslow, ulceration 
and c-kit assessment appeared to be Ideal combination fn determination 
of prognosis. The small number of events to the study group might 
influence these results. Acknowledgment; This research was supported 
by the grants of the League Against Cancer, Terry Fox Foundation and 
CBZ as.. Thanks to Dr. Jells for the c-kit expression extermination. 



1 582P I Accuracy of sentinel lymph node and positron emission 
tomography scanning m the detection of micro- 
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Purpose: The pathologic status of the sentinel lymph node (SN) is a 
powerful indicator of prognosis in patients with melanoma, l8-fluoro-2* 
deoxy-D-giucose positron emission tomography (18FDG-PET) scanning 
Is a eon invasive imaging technique that can detect clinically shout 
metastases. The aim of this study is to compare the use of 18FDG-PBT 
and sentinel lymph node biopsy (SNB) in detecting metastatic disease in 
the regional draining' nodes of cutaneous malignant melanoma. Patients 
and methods: Twenty two consecutive patients (14 women and, 8 men; 
mean age 48 years) with primary cutaneous melanoma a tram or <lmm 
and Clark level IY-V, ulceration or lymphovascular invasion were 
recruited between March 1998 and January 2002. Mean Breslow 
thickness was 1.9 mm (range 0.75- 7. mm). The sites of primary 
melanoma were 11 on the extremities, 6 on the trunk and 5 on head and 
neck. Ulceration , was present in 2 lesions. Distant metastases were 
excluded by clinical exploration, biochemical profile and chest x-ray. 
PET scanning was followed by a preoperative lymphoscintigraphy with 
99mTc sulphur colloid to identify SNs. AH patients with positive SNB • 
underwent therapeutic lymph node dissection (LND). Results: The SNs 
were Identified m 100% of the patients. A total of 32 SNs were detected 
and removed. In four patients (18%), histopathology revealed lymph 
node metastases (4 lymph nodes), Regional LND demonstrated one 
more lymph node metastasis in one patient In none of these 4 patients 
PET scans identified metastatic disease in the SN or draining basin. Two 
patients had positive PET scans suspicious of metastatic disease, both of 
them with a negative SNB. No patient has developed recurrent disease 
(mean follow-up, 7 mounths). Conclusions: This study demonstrates the 
limitations of 18FDG-PET m detecting lymph node tnlcrouietastases in 
patients with primary malignant melanoma compared with SNB. 
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Background: Malignant melanoma (MM) is thought to arise by 
sequential accumulation of genetic alterations in normal melanocytes. 
To clearly assess the role of genetic instability in MM, we have 
compared allelic alterations (detected as mkrosatellite instability; MSI) 
between primary rumors and synchronous or asynchronous metastases 
obtained from the same MM patients. Methods: Paraffin-embedded 
tissue microdissections from 56 MM patients were screened for MSI by 
PCR-based microsateilite analysis. MSI was studied at five loci 
containing single- or dinucleotide repeat sequences and mapping to 
different chromosomal locations. Tumors were classified as MSI+ when 
at least two markers displayed mutant alleles in tumor DNA compared 
to corresponding normal tissue DNA. Results: Presence of MSI, which 
may reflect a defect in genes involved in DNA replication fidelity, was 
observed in 3 (9%) out of 56 primary MM tumors. When the same series 
of patients has been analyzed for the presence of MSI in the 
corresponding metastases, we found a higher Incidence (7/42, 17%) of 
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CpG Motifs Are Efficient Adjuvants for DNA Cancer Vaccines 

Achlm Schneeberger,* Christine Wagner, *t Anja Zemarmj Prtra Lflhre,* Raphaela Kirtfl,* 
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DNA vaccines can Induce impressive specific cellular Immune response (IR) when taking advantage of theft* 
recognition aa pathogen-associated molecular patterns (PAMP) through Toll-like receptors (TLR) expressed on/In 
cells of the Innate Immune system. Among the many types of PAMP, Immunostlmulatoty DNA, so-called CpG 
motifs, was shown to Interact specifically with TLR9, which Is expressed In plasmacytold dendritic cells (pDC), a 
key regulatory cell for the activation of Innate and adaptive IR. We now report that CpG motifs, when Introduced Into 
the backbone, are a useful adjuvant for plasmfd-based DNA (pDNA) vaccines to Induce melanoma antlgen-specfflc 
protective T cell responses In the Cloudman M3/DBA/2 model. The CpG-enrlched pDNA vaccine Induced protection 
against subsequent challenge with melanoma cells at significantly higher levels than its parental unmodified 
vector. Preferential induction of an antlgen-specfflc, protective T ceil response could be demonstrated by (I) 
Induction of antigen-dependent tumor cell protection, (II) complete loss of protection by in vivo CD4 + /CD8 + T cell- 
but not NK cell-depletion, and (II!) the detection of antigen-specific T cell responses but not of relevant NK ceD 
activity in vitro. These results demonstrate that employing PAMP In pDNA vaccines Improves the Induction of 
protective, antigen-specific, T cell-mediated IR. 

Key words: CpQ motifa/CTL/melanoma/pDNA/tumor immunity 
J Invest Dermatol 123:371 -379, 2004 



Most tumors express antigens (TAA) in the context of major 
histocompatibility molecules (MHC) that can be recognized 
by the adaptive arm of the Immune system. There Is now a 
considerable body of data from animal models and human 
cells to vftro that Indicates that T cells are the major effector 
cell population for the immunological control of TAA- 
expressing tumor cells (reviewed In Rosenberg, 2001; Finn, 
2003). Nonetheless, tumors frequently escape spontaneous 
recognition and subsequent destruction by the Immune 
system. Failure to generate optimal tumor antigen-specific 
T cell responses may be one reason for this phenomenon 
(Firm, 2003). In the case of melanoma, several groups of 
TAA have been Identified so far, including the so-called 
melanocyte differentiation antigens (MDA) such as PmeI1 7/ 
gp1 00 (Cox ef a/, 1 894; Kawakaml ef a/, 1 995; Wagner ef a/, 
1995}. The Identification of these antigens now allows the 
development of active Immunization strategies to either 
induce or enhance antigen-specific T cell responses. The 
optimal Immunization strategy for Inducing such cellular 
Immune responses (IR) in humans remains undefined and 



Abbreviations: ADCC, antibody depending cytotoxicity; AdV, 
adenovirus; I FN, Interferon; IL, InterieuJdn; IR, immune response; 
LAK, lymphoWna activated WUen MDA, melanoma differentiation 
antigen; ODN, oIigodeoxynucieoticie(s); PAMP, pathogen-associ- 
ated molecular patterns; pDC, plasmaoytoid dencfftfo ceHfc); pDNA, 
plasrrtd DNA; PFA paraformaldehydes TAA, tumor associated 
antigens; TLR, TalWike receptors 



animal models of melanoma may be a valuable tool to test 
various vaccine formulations (Finn, 2003), 

Plasmid-based DNA (pDNA) vaccines have not Just been 
able to Induce antibody but also cellular IR in laboratory 
animals and In humans (reviewed In Donnelly ef a/, 1997). 
In humans, this has been demonstrated particularly for 
pathogen-derived antigens with the Induction of antigen- 
specific antibody as well as T cell responses (Wang et a/, 
1998; Tackeft ef a/, 1999; Roy ef el, 2000; Wang ef a/, 2Q01) 
that in a prime-boost strategy with modified vaccinia virus 
Ankara may also translate Into T cell-mediated protective 
Immunity (McConkey ef a/, 2003). In melanoma patients, 
lymph node Infusion of pDNA vaccines led to the induction 
of antigen-specific T cells (Tagawa. ef a/ r 2003) and 
intratumoral Injection led to regression of tumors at distant 
sites in a minor proportion of patients (Stopeck ef a/, 1 997). 
A recurring observation made in all these clinical trials Is that 
although it appears possible to Induce cellular IR with pDNA 
vaccines In humans, relatively high doses of DNA are 
required to elicit detectable but still weak IR (CaJarota ef a/, 
1998; Wang ef a/, 1998; Tagawa ef a/, 2003). Therefore, 
strategies to optimize the hnmunogenlcfty of pDNA vac- 
cines are clearly needed. One strategy to modulate 
significantly the Immunological efficacy of a vaccine is the 
use of adjuvants, particularly if the Immunogenic^ of a 
given antigen is limited, as in the case of TAA (Cohen ef a/, 
1998). 

Bacterial extracts are known as potent activators of both 
Innate and adaptive IR and are recognized by the frnmune 
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system vfa "pattern-recognition receptors 0 that are ex- 
pressed on distinct cells of the Innate Immune system. The 
so-far best-characterized member of "pattern -recognition 
receptors 0 Is the Toll-like receptor (TLB) family, TLR9 Is 
expressed In the endosornal compartment exclusively of 
ptasmacytoid dendritic cells (pDC) and B cells in humans 
and. In addition, on myeloid DC and monocytes/macro- 
phages In mice (Kadowaki ef a/, 2001; Krug et a/ f 2001; 
Ahmad-Nejad ef a!, 2002; Hdmung ef a/, 2002). K Is now 
known that the molecular structure recognized In bacterial 
extracts by TLR9 consists of unmethylated CpQ dinucleo- 
tides In certain base contexts, the so-called CpG motifs 
(Krieg ef a/, 1895; Krfeg, 2003). When present In synthetic 
oligonucleotides (ODN), CpQ motifs are able to enter the 
lysosomal compartment of pDC within minutes of exposure, 
where these motifs interact specifically with TLR9. Down- 
stream signaling involves the adapter molecule MyD8B and 
ultimately leads to activation of pDC and maturation into 
professional antigen-presenting cells (Krug ef a/, 2001). 
These express co-stimulatory molecules, the chemoWne 
receptor CCR7, and secrete Th1 -promoting chemoklnes 
and cytokines such as IP-10 and type I interferon {IFIM) 
(reviewed In Krieg, 2002). Within hours, secondary effects 
such as NK cell activation, enhanced expression of Fc 
receptors on polymorphonuclear leukocytes, and an in- 
crease In antibody-dependent cellular cytotoxicity (ADCC) 
are Induced. This stimulation of the Innate Immune system 
with activation/maturation of pDC and antigen presentation 
In a Th1-IIke cytokine milieu can Induce primary CD8 Tcell 
responses even In the absence of CD4 Tcell help (Wild et a/, 
1999; Sparwasser ef a/, 2000). 

We have previously examined an animal model of 
melanoma to define the prerequisites necessary for and 
the mechanisms Involved In the induction of protective 
Immunity by an antigen-specific pD NA vaccine (Wagner ef a/, 
2000). The goal of tills study was to determine whether CpQ 
motifs can act as an adjuvant to the Induction of antigen- 
specific cytotoxic T lymphocyte (CTL) responses against a 




weakly Immunogenic TAA delivered as pDNA vaccine and if 
this translates Into enhanced protective Immunity against 
melanoma ceils. The results obtained suggest that the 
Introduction of CpQ motifs Into backbone sequences of 
the vector represents a promising strategy to enhance the 
immuncgenidty of pDNA-based cancer vaccinas. 

Results 

pUK21-A2 vector and Its CpG-enriched variant pUC616 
exhibit comparable transgene expression levels To 
check whether the modification of the pDNA vector for Its 
content of CpQ motifs may have altered expression levels 
of the transgene, we transfected COS-7 cells with either 
PUK21-A2/EGFP or pMCG1G/EGFP and, 48 h later, 
compared their EQFP-fluorescence levels as a function of 
transgene expression (EQFP, enhanced green fluorescent 
protein). FACS analysis revealed that both vectors yielded 
similar transfection efficiencies with regard to the frequency 
of transfected cells as well as transgene expression levels 
(Fig 1). These results confirm that the enrichment of CpG 
motifs into vector pUK21-A2 had no direct effect on 
transgene expression. 

Protective anti-tumor activity of pDNA vaccines Is 
significantly augmented by CpG motifs The generation 
of Cloudman S91 M3-derived melanoma sublines M3-7 
(Pmel17/gp100 + ) and M3-1 (Pmei17/gp10CT) has been 
described earlier (Wagner ef a( 2000). S.c. Inoculation of 
5 x 10 5 ceQs of both sublines Into syngeneic DBA/2 mice 
regularly results In the appearance of exponentially growing 
tumors at the injection site without subsequent formation of 
macroscoplcally detectable visceral metastasis. 

To. compare pDNA vectors pUK21-A2/mPmel17 and 
pMCQ16/mPmel17 for their ability to Induce anti-tumor 
Immunity, mice received two Injections of the respective 
constructs and were subsequently challenged with Pmell 7/ 
gp100 + M3-7 cells. TWelve of 28 animals (46.2%) Immu- 
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Figure 1 

Intracellular expression leva) of enhanced 
green fluorescent protein (EQFP) in COS 
ceQs after transaction with CpG -enriched 
pMCQIS and non-CpO-enriched pUK21-A2 
pDNA. Fifty percent confluent COS ceSs were 
pVKZUAZ transfected with either pUK21-A2/EQFP or 
pMCG16/EGFR Their EQFP fluorescence was 
compared 4S h later by FACS aralyste. Expres- 
sion levels of the EQFP transgene from the 
• parentaJ pUK21-A2 vector (middle) are compar- 
able with those derived from the CpQ-enrtohed 
pMCQ16 vector (bottom). Mcck-transfected 
COS ceBs served as negative control (top). 

pMCG-16 

(CpC-OptiateO 
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Increased protection against melanoma cell chaDange obtained 
after genetic vacxxinatfenwrui a CpQ-enriched ptesxrtfd-based DNA 
(pDNAJ vector construct Mice were Injected interderrnaDy Into one 
aide of the back with 100 yg of either pUK21-A2/mPm8i17orpMCG16/ 
mPmsJ17 pDNA construes, twice In a 2-wk interval. IWo weeks later, 
animals were challenged contralaterally Into the back by bjx implanta- 
tion of 5 x ir/Pn^17/gp1Q0 + M3-7 melanoma cells. Although about 
60% of DB/V2 mice Immunized with QpQ-enjlched pMCGie/mPrreil 7 
pDNA were protected against a subsequent challenge with PmeJ17/ 
gplOO 4 * M3-7 melanoma cells, only about 18% of animate vaccinated 
with non-modified pUK21-A2/mPmeJ17 pDNA showed complete 
protection (p<0.01) (A). Control animals-Injected with either vector 
alone (empty pMCQ18 or pUK21-A2 pDMA) according to the protocol 
described above-eortaJstentr/ failed to reject Pmei17/gp100 + M3-7 
msiortorrta cells (5). 



nized with CpG-enrfched pMCQie/mPmeI17 pDNA were 
completely protected against the highly tumorigenlc dose of 
5 x 10 6 Pmel17/gp100 + M3-7 cells {pooled results of two 
seta of experiments). None of the protected animals 
developed a tumor at a later time point during the entire 
observation period of 4 mo (Fig 2A). By contrast, Injection 
with pUK21-A2/mPme!17 pDNA prevented the growth of 
the M3-7 Inoculum In only four of 22 mice (18% r Rg 2A, 
p<0.01). In sharp contrast, control animals that had been 
Injected with either vector only (empty vectors) consistently 
Med to reject Pmel17/gp100 + M3-7 melanoma cells 
(p< 0.001 for both pairs, Rg 26). 

The protective anti-tumor host response triggered by 
CpG motifs Is antigen-specific Mice received two Intra- 
dermal Injections of the parental pUK21-A2/mPme!17 
construct, Its CpG-enriched variant pMCQ16/mPmel17, or 
either vector only and were subsequently challenged with 
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Figure 3 

Administration of CpQ-enrtched pMCGIB ptasmM-based DNA 
(pDNA) coding for PmeJ17 protects animals against the growth of 
melanoma cells fn an antlg on-specf fl 0 manner. Mice were Injected 
with pMCX3ia/mPrneJ17 pDNA twice and subsequentiy challenged with 
Pmd1//gp10Cr M3-1 melanoma ceOs according to the protocol 
described under Materials and Methods, In contrast to the protection 
rates observed against a challenge wfth PmeJ17/gp1Q0 + M3-7 
melanoma ceOs (Rg 2/4), none of the animals was able to reject 
Pme317/gp1QO~ M3-1 melanoma cells nor were control-treated mice 
Injected with empty pMCQ16 pDNA alone (A). The same observation 
was made for mice Immunized with ncm-enriohed pUK21-A2/mPmei17 
pDNAand the animals Injected wfth the respective control pUK21-A2 
vector pDNA alone when challenged with PmaJ17/gp1Q0r M3-1 
melanoma ceOs (0). 



5 x 10 8 Pmel17/gp10(T M3-1 melanoma cells. In contrast 
to the protection observed agafnst the Pmol17/gp1QQ+ M3- 
7 cells as a function of CpQ content of mPmel17~encodlng 
pDNA vectors, neither pUK21-A2/mPmeI17 (six of six ani- 
mals) nor pMCG16/mPmel17 pDNA (nine of nine animals) 
were able to protect the animals against a challenge with 
antigen-negative M3-1 melanoma cells (Rg 3A, S). AD 
animals developed tumors as did the vector-only Injected 
(Rg 3A, fl) or najVe control mice. 

Antigenic specificity of the protective Immunity Induced 
by CpQ motifs in pDNA-based vaccines was addressed In a 
further set of experiments. Animals that had developed 
protective anti-tumor Immunity after vaccination wfth CpQ- 
enriched pMCQ16VmPmel17 pDNA, as demonstrated by 
successful rejection of Pme!17/gp100 + M3-7 cells, were 
challenged with syngeneic but hlstogenetlcally unrelated 
Pmel17/gp100- P815 mastocytoma cells, Similar to non- 
Immunized control mice, none of these animals (zero of six) 
was able to reject this tumor cell Inoculum (Rg 4). Taken 
together, these results Indicate that the protective anti- 
tumor host response Induced by CpQ-enriched pMCG16V 
mPmel17 pDNA Is antigen-spedflc. 
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Figure A 

Growth characteristics of syngeneic PmeH7/gp100~ P815 masto- 
cytoma ceHa Mice warn Injected with pMCG16/mPme!17 plasmfd- 
based DNA (pDNA) twice end aufasequentfy challenged with PmeJ17/ 
gp1C0 + M3-7 melanoma ceQs according to the protocol described 
under Materials and Methods, Mice that had successfully rejected this 
melanoma ceD Inoculum were challenged 8 wk later by the ac. 
Inoculation of 1 x 10 s syngeneic Pme!17/cjp1Q<r P815 mastocytoma 
cells. Note that animals consistently enveloped tumors upon injection 
QfPmel17/gp10Cr P815cella These turrora grew at a rate 
with that observed In control mice Injected with empty pMCQ16pDNA 
(control mice). 




Bay* titer ffta&ag* 

RgureS 

Tumor cefl protection is mediated by T cefls but not NK cefla Mice 
were irtf acted with pMCQ16/mPmeI17 pDNA twice In a 2-wk Interval 
and challenged 14 d later with PmeI17/gp100 + M3-7 malanoma cells. 
To deplete T cells, animals received l.p. Injections of anti-CD4 (0J3 mg 
QK1.5) and anti-CD8 (0.3 mg YTS169) antibody solutions at days -3, 
-2, and -1 before tumor cefl challenge. To deplete NK cells, mice 
were Injected Ip. on days -1, +1, 6, 11, 16, 21, 26, and 31 around 
tumor cell challenge wfth 200 pL of a 1:10 PBS dilution of a 
reconstituted antl-aslalo-GM1 preparation. Animals were monitored 
for the appearance end growth of tumom as described above. Note 
complete loss of tumor p rotec tio n In mice depleted of CD4 + and 
CD8+ T cells, but not in mice depleted of NK cells. 



The protective anti-tumor effect triggered by CpO motifs 
requires the adaptive arm of the Immune system To 

characterize the effector mechanisms triggered by CpG 
motifs present In pDNA-based vaccines, we performed T 
cefl- and NK cell-depletion experiments. Animals that had 
received two Injections of CpQ-enriched pMCG167 
mPmeI17 were depleted of either CD4+/CD8+ T lympho- 
cytes or NK cells before being challenged with Pmel17/ 
gplOO 4 * M3-7 melanoma ceils. In tills experiment, eight of 
eight CD4 + /CD8 + T ceD-depleted animals developed 
tumors, Indicating that the protective anti-tumor effect 
otherwise Induced by the CpG-enriched pDNA construct 
was completely dependent on the presence of T lympho- 
cytes (Rg 6). In contrast, NK cell depletion resulted in only a 
minor, If any, loss of the animal ability to reject PmeH7/ 
gp100 + M3-7 melanoma cells (three protected of seven 
Immunized animals) as compared with non-NK cell- 
depleted, pMCQ1G^mr^eI17-lmmurtlzed animals {four pro- 
tected of nine Immunized animals, Rg 5), Taken together, 
these results demonstrate that mainly T cells represent the 
critical effector population of protective anti-tumor host 
responses elicited by application of CpQ-enrlched antigen- 
specific pDNA constructs. 

To confirm the stimulatory effect of CpG motifs In pDNA- 
based vaccines on the adaptive arm of the Immune system 
more directly, CTL assays were performed. Splenocytes 
from pUK21-2A/mPmel17 and pMCG167mPmel17 Immu- 
nized as well as vector-only Injected animals were tested for 
the presence of PmeH 7/gp100-speclfic CTL Spleen cells of 
animals Injected with the CpG-enriched pMCG16VmPmeI17 
pDNA exhibited significant lysis of Pme!17/gp100 + M3-7 
target cells whereas they failed to kill Pmel17/gp100~ M3-1 
cells (Fig OA). By contrast, neither M3-7 nor M3-1 cells were 
significantly lyzed by spleen cells from nalVe control animals 
(Fig 6S). YAC-1 lysis at significant levels was not detected 
tn these assays (Rg 8Q, which excluded a significant 



contribution of NK cell activity on killing of M3-7 melanoma 
cells. Together with the demonstration that both M3-7 and 
M3-1 cells are similarly susceptible to the cytotoxic activity 
of lymphoWne-actfvated killer (LAK) cefls as well as aflo- 
s pacific CTL (data not shown), these results suggest that 
Wiling of PmeJ17/gp100 + M3-7 cells obtained wfth spleno- 
cytes from animals immunized wfth CpG-enriched pMCG167 
mPme)17 pDNA Is executed by Pme!17/gp1Q0-spedflc T 
lymphocytes. 

In these CTL assays, splenocytes from animals Immu- 
nized with CpG-enriched pMCG16YmPmeI17 pDNA were 
consistently found to exhibit a more pronounced (1 .5-2 titer 
levels) antigen-specific CTL activity than splenocytes from 
animals injected with pUK21-2AftnPme117 pDNA (see Rg 
SA t D). To further confirm this observation, we performed 
genetic vaccination with pUK21-A2/p-galactosidase and 
pMCG16/p-geJactos!dase pDNA vectors according to the 
protocol described above. Induced antigen-specific T cefl 
numbers were quantltetively evaluated with the help of 
EUSPOT assays using the p-galactosidase encoded, H2 d - 
restricted immunodominant peptide TPHPARIGL In these 
assays, splenocytes derived from mice Immunized with 
CpG-enriched pMCG16 pDNA vector again exhibited 
reproduclbly higher frequencies of antigen-specific IFN-y- 
secreting T cells than splenocytes derived from mice Immu- 
nized with the parental pDNA vector pUK21~2A (Rg 7). 



Discussion 

There are several strategies to enhance the potential of 
pDNA vaccines for the Induction of an effective IR. These 
strategies Include the facilitation of pDNA uptake into and 
release within targeted cells, e.g. by compiexfng with 
polycatlons/lipopolyplexes or electro po ration, enhance- 
ment of the nuclear association of transgenes or targeting 
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Figure 0 

Intranitanscus genetic Immunization wtth CpG-ejtriched pMCQ18/mPmaJ17 plasmfd-based DNA (pDNA) results In the generation of an 
anfigenHspecifio CTL response. Sptenocytes, recovered 2 wk after the second immunization from pUIC21-A2/mPrmI17, pMCQl0/mPmai17 
recipients, and naive control mice, respectively, were restfmulatedfor 4 d with interferon (tHMH- and PFA-treated Pmel17/gp100+ M3-7 cefla Lysis 
of target cells mediated by restfmiilated splenocytes was determined (n a 6 h standard 81 Cr-mIease assay. Target ceils Included Pmel17/gp100 + 
M3-7, PmeU 7/gp1D0~ M3^1 melanoma cells (both pre-atirrailated wfth 100 UpermL IFN-y for 18 h) and YAC-1 ceOs, In these assays, spierwcytas 
from rrrfce immunized with CpQ~enrlcted pMCQie/mPmel17 pDNA lysed PmeJ17/gp100 + M3-7 melanoma ceOs at significant levels whereas 
PmeJ17/gp10Cr M3-1 melanoma cells were not lysed (A). Neither M3-7 nor M3-1 melanoma cells were lysed by spfenocytes derived from naJVe 
mice (0). NK ceil target ceils YAC-1 were lysed at Irrelevant levels by spianccytBS derived from mice ejected with CpQ-enriched pMCXai6/mPmel17 
pDNA as well as pUK21-A2/mPmeJ17 pDNA (C). CTL activity of splenocytes derived from animals Injected with pUK21-2A/mPme!17 pDNA 
(0) recorded consistently lower levels (1.5-2 titer levels) of PmeJ17/gp100 + M3-7 lysis when compared with levels obtained wfm splertocytasfrom 
artrnaJs injected with CpQ-enriched pMCQ16/mPme)1 7 pDNA (A). Standard deviations of triplicates were <5% end have been omftted from figures 



to antigen-presentation pathways, modification to antigens, 
and increase In irnmunogenlcrty by use of adjuvants (over- 
view In Donnelly et ai 2003; Herweljer and Wolff p 2003). For 
the latter objective, the classical rules of application of 
adjuvants to proteins are not transferable to DNA vaccines 
due to significant differences of antigen expression in terms 
of time kinetics and quantitative levels obtained, thus, 
many adjuvants effective in protein-based immunization 
strategies are not or not as effective for DNA vaccines 
(reviewed In Spack and Sorgl, 2001). Consequently, 
Identification of adjuvants augmenting the activity of pDNA 
vaccines is a major challenge for the successful develop- 
ment of DNA vaccines. 



Replication-deficient viral vectors, particularly adenoviral 
vectors, can induce Impressive specific cellular JR by taking 
advantage of their recognition as pathogen-associated 
molecular patterns (PAMP) through TLR expressed on/In 
ceils of the Innate immune system* But the frequent 
generation of impressive memory responses against the 
vector itself considerably Inhibits the boost of an IR against 
the encoded transgene by repetetive appDcation (St 
George, 2003). Among the many types of PAMP, Immunos- 
timuiatory DNA motifs have been shown to Interact 
specifically with TLH9, which Is expressed in CD123 + 
pDC (Bauer ef at, 2001a; Bauer et at, 2001b), a key 
regulatory cefl for the activation not only of innate but also 
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Figure 7 

Induction of antigen epecffto T ceD responses as measured by 
ELJ8POT assay. Mice were Immunized with pUK21-A2/(J-gaIactos}- 
dase or pMCQia^gatectosIdase plasrrtd-based DMA (pDNA) accord- 
ing to the protocol described for the mPmd17-oorrtain!ng pDMA 
constructs. Ten days after the second Injection, splenocytes were 
cofleotedfom immunized recipients as weU as from retfVe control mice 
and ^stimulated with on H-2 tf -restricted p-^alactosldase peptide 
TPHPAWQLovemtaht In this assay, splenocytes from mice Immunized 
with CpG-enrfchad pMCQ16/p-^Iactosldase pDMA (pMCG16/p-ga)) 
exhibited cortslstBntfyhJgfwfr^^ 

those derived from mice Immunized with parental unmodified pUK21- 
A2/p^atectosIdase pDNA (pUK21-A2/HFal). Background levels were 
observed in spf enccytes fro m narva animals (naive). Values are given for 
0.25 x 10r splanocytes. 



of adaptive IR (Arpinati et el t 2003). In this study, we now 
demonstrate that modification of the backbone sequence of 
a pDNA vaccine far the presence of this subgroup of PAMP 
results (I) in a significantly increased protection against a 
subsequent, otherwise lethal, challenge with antigen-posi- 
tive, but not antigen-negative syngeneic melanoma ceils, (li) 
In the induction of a protective T ceD but not NK cell 
response In vivo as demonstrated by In vfvo cell depletion 
assays, (III) In the detection of an Increased and antigen- 
dependent target cell lysis by Tcells but not NK cells In vitro, 
and (Iv) In the detection of increased numbers of antigen- 
spectfio, IRM-7-secretfng T cells. 

Anti-tumor effects of tmmunostimulatoiy CpQ motifs, 
particularly In the form of CpQ ODN, have been described 
against various tumor types when applied with or without 
antigen or antibodies (Carpenter ef 2000; Lenutl et a/, 
2000; Baliaa ef a/, 2001; Kawamda ef a/, 2001; Miconnet 
et a/, 2002; Zwaveling et at, 2002; Baines and Cells, 2003; 
Baral ef a/, 2003; DavUa ef a/, 2003; Sandler ef a( 2003). This 
may be the result of the Induction and/or enhancement of 
different effector mechanisms. In most of these models, the 
anti-tumor effect of CpQ motifs was mediated via activation 
of the Innate Immure system directly through NK ceils, but 
enhancement of ADCC (Wooldrldge et ef, 1997) and, more 
recently, Induction of adaptive cellular IR have also been 
described (Bellas ef a/, 2001; Miconnet ef a/, 2002; 
Zwaveling ef eh 2002; Baines and Cells, 2003; Davila ef a/, 
2003), Using the B16/C57BI/6 melanoma model, Bellas 
ef a! (2001) described Induction of anti-tumor Immunity with 
regression of established melanomas by application of CpQ 
ODN 1585. The protection of TAP-1- and p2-microglobul!n- 



knockout mice to a degree similar to normal C57BI/6, lack 
of Immunological memory In surviving animals, and toss of 
protection after tn vivo NK cell depletion strongly suggest 
the stimulation of an NK ceO-medlated effector mechanism. 
Several of our findings make it very unlikely that this effector 
mechanism is also operative in the M3/DBA/2 mouse 
melanoma model These Include the lack of abrogation of 
protective effects In NK cell depletion experiments, the lack 
of significant NK cell activity in CTL assays, and the inability 
of mice Injected with the CpQ-enriched vector-oniy con- 
struct to reject melanoma cefla In contrast, the protection 
against antigen-positive, but not antigen-negative melano- 
ma ceils, the ioss of anti-tumor protection by In vfvo Tceli 
depletion assays, and the presence of antigen-speclfc CTL 
indicate the stimulation of antigen-specific T cell-mediated 
Immunity. These observations are In agreement with the 
results described In the Bia/C57Bl/6 melanoma model and 
the transgenic HHD mouse model when using CpQ motifs, 
namely CpQ ODN 1828, along with melanoma antigens 
provided as peptides (Miconnet ef a/, 2002; Davila ef a/, 
2003). In combination immunotherapy with an antibody 
blocking the interaction of CTLA-4 on Tcells with Its Uganda 
B7.1 and B7.2, which may provide negative signals to. T 
cells, application of CpQ ODN plus MDATHP2 18 o-i88 CTL 
epitope induced therapeutic immunity that required both 
CD4+ and CDB+ Tcells pavlla et ef, 2003). Furthermore, 
human human D b mice, which are transgenic for chimeric 
human HLA-A # Q201/mouse D b MHC class I molecules, 
mounted antigen-specific and cytolytic CD8 + T cefl 
responses after application of a peptide analog of human 
MDA MART-1/Me!an-Aas-38 in the presence of CpQ ODN 
1828 (Miconnet ef ef, 2002). The different kinds of IR 
triggered by CpQ motifs in these melanoma models may be 
due to the different genetic background of the animal 
models used; however, there may be additional explana- 
tions Including the different routes of application of the 
compounds (i.p. vs s.c.) (Cohen ef a/, 1998) and, most 
importantly, the type of CpQ motif used. CpQ ODN 1828 
and 1585 significantly differ In their ability to induce cytokine 
secretion and NK ceD activation in C57BL/6 splenocytes. 
Although CpQ ODN 1KB Induces high levels of tnterleuWn 
(IL)-8, IL-12, IFN-y, and tumor necrosis factor-o, a cytokine 
pattern that may favor the Induction of Th1 -biased Tcefl 
responses, CpQ ODN 1585 Is a much more potent inducer 
of NK ceil activity (Bellas ef a/, 2001). These differential 
immunostimulatory properties are now known to represent 
a direct function of sequence composition and backbone 
modification of ODN (Krieg, 2002). 

Several observations derived from systems employing 
model antigens (Mor ef a{ 1 995; Sato ef a/, 1 996; Tig he ef a/, 
1998) have supported the view that increasing the number 
of CpQ motifs in pDNA may Indeed result in the induction of 
more effective cellular IR. Our results obtained with the 
' model antigen 0-gaiactosldase are in accordance to those 
described by Sato ef a! (1996), who demonstrated that 
application of a p-gaiactosldase-encodlng vector modified 
for its selectable marker, Le. substitution of the CpQ-poor 
kanamycInR gene by the CpG-rich amplcilllnR gene, results 
in a much more efficient induction of antigen-specific T 
ceD responses; Our results support these data and extend 
them by two further observations: (I) the significant adjuvant 
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effect on the Induction of T cell activity against a weakly 
Immunogenic (non-model, non-viral) self-antigen and 
(B) the translation of this IR into enhanced protective can- 
cer Immunity. Even though pDNA vectors cannot be directly 
compared with CpG ODN for the immunostlmulatory effects 
induced, the Immunological phenomena described in this 
study support the assumption that the backbone modifica- 
tions of the pDNA vector have resulted in an adjuvant effect 
comparable with that described for CpG ODN 1B28. This 
study extends our knowledge on these Immunostfmufatofy 
properties of antigen-specific pDNA vaccines and supports 
the concept of enhancing the Immunogeniclty of DNA 
vaccines by modification with PAMR 

Materials and Methods 

Mice Female 6-10-wkold DBA/2 mice were purchased 
from Charles River Wiga GmbH (Suizfeid, Germany) and held under 
spedfio pathogen-reduced conditions In the Centra* Animal 
Laboratory (University of Essen, Germany). AD animal experiments 
were approved by the regulatory committee on anfrnai welfare In 
the state of Northrhine-Westfalla and the Austrian Ministry of 
Science and Transportation. 

Ceil lines done M3 (derived from Gcudman S91 melanoma; H- 
2*) (Yasumura et a/, 1868), P816 mouse mastocytoma (H-2^, YAC- 
1, and COS-7 cells were obtained originally from the American 
Type Culture Collection (ffTCG) (Rcckvtfle, Maryland), M3 melano- 
ma ceils were cultured in Ham's F10 medium (Ufa Technologies, 
Qemnd island, New York) supplemented with 2.6% heattnactfvated 
fetal calf serum (FCS) (Qibco BRL, Eggenstein, Qermany), 12.5% 
horse serum (Life Technologies), 0.1 rnM non-essential amino 
adds (Gibco BRL}, 25 rnM HEPES, 2 mM t-glutamfne, 1 mM 
eocflum pyruvate, and 5 x 1(T fi M 2-ME (Life Technologies) in 
gelatin-coated cultum flasks (Becton Dickinson, Heidelberg, 
Germany). The generation of M3 sublines, Pmei17/gp100 + M3-7 
(>95% of ceOs immunweactrve with Pmell 7/gp1 00-reactive mAb 
HMB45), and Pmell 7/gpKKT M3-1 cefls (<5% of cells tmmuncr- 
eactive with mAb HMB45) has been described previously (Wagner 
etat 2000). Pmel17/gp100 expression of these ceOs was regularly 
checked by FACS analysis or Immunostairtng of cytospfn 
preparations. YAC-1 and P815 cells were cultured in RPMl 1640 
(Ufa Technologies) supplemented with 10% FCS, HEPES, non- 
essential arrino acids, t-glutarnine, sodium pyruvate, and 2 -ME 
COS-7 ceCs were grown in DMEM supplemented with 10% FCS. 
AH cells were cultured at 37°C In a humidified 5% COg atmosphere. 

Construction of pDNA vectors and in vitro transcription/ 
translation analysis of Introduced trartsgertes The pDNA vector 
PUK21-A2 contains the immediate early promoter of human 
cytomegalovirus (CMV IE), the bovine growth hormone poly- 
adenyiation signal, and the kanamycin resistance gene (Krieg 
et a/, 1998). The vector backbone of p(JK21-A2 was modified 
by eflmfnatmg 52 of 134 neutralizing CpG (-N) and addition of 16 
fmmunosiimufatcry CpQ (S) motffe, thereby generating its variant 
pDNA vector pMCG16, Briefly, site-directed mutagenesis by 
overlap-extension PCR (Prosoh et at 19S8) was employed to 
introduce a total of 22 point mutations Into the kanamydn 
resistance gene and non-essential DNA backbone sequences 
after the gena Fifteen CpG-N motifs containing 19 CpG cRnucleo- 
tides were modified, 12 of which were eliminated and seven of 
which were transformed into CpG-S motifs. AD the mutations were 
confirmed by sequencing. Another 37 CpG-N motifs were removed 
by replacing a 0.6 kb AterI-fioo0109I fragment containing the F1 
origin with an artificial multiple cloning site consisting of a 35 bp 
double-stranded DNA fragment containing four unique restriction 
enzyme sites (Oral, Seal, Avd\, Wpal) (Krieg eta/, 1998), Adcflttonal 
nine CpQ-S motifs were inserted Into the vector by selMlgaton of a 



20 bp DNA fragment (S'-QACTCCATQACQnCCTQACQTrrC^ 
TQACQTTCCTQACGrTQ-3 / ) with a complementary strand and 
Insertion of these copies into the Avail site of the vector. Vector 
sequences have been deposited in GenBartk under accession 
numbers AFO53408 and AFO53406. 

pUK21-A2/mPme!17 and pMCQ16/mPrr©I17 pDNA were gen- 
erated by ligation of the 1.9 kb murine fUIMength Pmell 7 cDNA 
sequence (Schreum eta! t 1997; ZhaJ ef a/, 1997) into the respective 
Noll cloning sites of pUK21-A2 and pMCG16 vectors. Full-length 
pUK21-A2/p-galactosldase and pMCQI 6/p-galactosldase vectors 
(MacQregor and Caskey, 1989) and pUK21-A2/EGFP and pMCQIS' 
EQFP encoding EQFP were generated accordingly. Correct 
orientation and sequence of the respective transgenes ware 
confirmed by automated sequencing on an ABI PRISM genetic 
analyzer (PE Biosystems, Wefterstadt, Qermany) or restriction 
enzyme mapping (EQFP). AD pDNA constructs were affinity purified 
with the Endo-free Plasmld Mega Kit (CHagen, Widen, Qermany) 
and aO pDNA constructs contained <0.04 IU per ng of endotoxin, 
as determined by the Umulus Amosbocyte Lysate Assay kit (QCL- 
1000, BloWhlttaker, Walkersville, Maryland). 

TWo micrograms of each vector construct was transacted into 
50% confluent CO&7 cells using the DEAE dextrarVchloroquine 
diphosphate method essentially as described (Wagner et e/, 1995). 
After 48 h of Incubation, transgene expression was assessed either 
by FACS analysis (EQFP, Codter^mmunotech, Krefeld, Qermany), 
lmnnjrK»ytochem1stry with antl-PmeJ17/gp100 Ab HMB45, or 
enzymatic cleavage of 5-brorr«>4^h!or-3-lndo 
nosida (X-QaJ) for p-galactosldase activity. 

Genetic vaccination and tumor challenge DBA/2 mice were 
injected Intradermal^ on one side of the shaved back with 100 jig 
of pUK21-A2/mPmel17 and pMCGiafaPme!17 pDNA constructs, 
twice in a 2-wk interval. Control animals received 100 fig vector 
pDMA ajona TWo weeks later, animals were challenged central- 
ateralJy into the back by aa implantation of 5 x 10 s Prnel17/ 
gp100+ M3-7 or PmeJ17/gp1Q0- M3-1 cells, Utroor growth was 
monitored every 2-6 d All fri vivo experiments were read In a 
bOrtded, randomized fashion. 

In an additional set of experiments, Pmell 7-lrrtmunized ardmals 
that had successfully rejected a M3-7 melanoma Inoculum were 
challenged 8 wk after Implantation of M3-7 cells with the s.o. 
Inoculation of 1 x 10 s syngeneic P815 mastooytoma cells. 

In vivo cell depletion To deplete T cells, animals received i.p. 
Injections of anti-CD4 (0.3 mg QK1.5) and anti-CD8 (03 mg 
YTS169) antibody solutions at days -3, -2, -1 before the tumor 
cell challenge as described (Luhrs eta/, 2002). This treatment led to 
a >95% reduction of splenlo CD3-posfflve cells as determined by 
FACS analysis (not shown). Fourteen days after the second 
vaccination, mice ware Inoculated ac. with 5 x 10 5 Pmel17/ 
gp100+ M3-7 melanoma cells and monitored for the appearance 
and growth of tumors as described above. A rabbit anti-asiaJo- 
GM1 Ig preparation (Wako Chemicals, Neuss, Germany) was used 
to deplete mice of NK cells as described (Schneeberger et at 
1999). Mice were Injected l.p. on days -1, + 1, 6 f 11, 16, 21, 26, 
and 31 around tumor cell challenge with 20) j4- of a 1:10 
ptosprurte-bufrared saline (PBS) caution of the reconstituted 
anti-asfaJo-QM1 preparation. This treatment led to a >90% 
reduction of the splenlo NK ceil activity (as assumed by lysis of 
the NK ceil target YAC-1) as compared wfth spleen cells of non- 
treated mice or mice injected with a dlaiyzed 1:10 dilution of 
normal rabbit serum (ICN Pharmaceuticals, Costa Mesa, California) 
In PBS. 

Cytotoxicity assay Splenocytes (4 x 10° per well), recovered 
2 wk after the second Immunization torn pUK21-A2/mPmaJ17 and 
pMCQ1Q/mPmel17 recipients or from nalVe control mice, were 
co-cultured for 4 d with 1 x 10* IFN-y (200 U per mL far 18 h; 
Qenzyme, Framfngham, MassachusettsJ-etlmuJated and PFA- 
treated (0.5% PFA for 10 mfn at 37°C) M3-7 cells as described 
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(Wagner ef at 2CHKJ). Recombinant human (rh) IL-2 (Cetus Corp., 
Emeryville, California) was added at a final concentration of 10 U 
per mL Lysfa of target cells mediated by restlmulated splenocytes 
was determined (n a 5 h standard 51 Ore! ease assay. For this 
purpose, 5 x 10 3 Na2 f'CrJCM (ICN, Eschwege, GermanyJ-IafaeJed 
target ceDa were Incubated with splenocytes at various effector- 
to-target ratios In triplicate U-botarrred 98-weU plates (Greiner, 
Soflngen, Germany) In a final volume of 200 pL. 81 Cr released from 
the targets Into the supernatant was quantified (n a liquid 
sofntfllatjon counter (Beckman LS-6000, Munich, Germany). Target 
cefla Included Pmel17/gp100 + M3-7 and Pmel17/gp10£r M3-1 
melanoma cells (both pre-stimulated with 100 U per mL IFN-y for 
18 h) and YAO-1 cells used as control for NKceB activity within 
the spleen ceil populationa To generate LAK calls, splenocytes of 
naJVe animals were cultured for 5 d tn complete medium supple- 
mented with 200 U per mL rhlL-2 (Cetus Corp.}. The percentage of 
specific lysis was calculated as [(sample c.pm -spontaneous 
c.p.my(maximaJ apm-spontaneous apm}] x 100. Sponta- 
neous release In all oases ranged between 10% and 20% of the 
maximum release obtained by treatment of labeled target cells with 
1% Triton X-100 (Sigma, Deisenhofen, Germany). 

EUSPOT assay Mice were Immunized intracutaneous^ two times 
fn 2 wk Interval with pUK21-A2/p-ga!actosidase or pMCGie/jJ- 
galactosldase pDNA according to the protocol described for the 
mPmel17-conteinIng pDNA constructs. Ten days later, splenocytes 
were collected from Immunized recipients as weO as from naJVe 
control mice. Multiscreen 86-weU assay plates (Mfflfpore, Bredfcrd, 
Massachusetts) were preheated overnight at 4°C with 5 pg per mL 
antMFN-y antibody R4-6A2 (Schmftt ef at 1894) m 0.1 M sodium 
carbonate buffer pH 9.3. After washing with PBS/0,05% Ttoeen-20, 
plates were blocked for 2 h with DMEM standard medium (Gibco' 
BRl). Splenocytes were plated in duplicate at a density of 2 x 10° 
per 100 uL in DMEM standard medium. For restfmuIatlon,100pLof 
the H-2 d -restrieted p-galactosidase peptide (TPHPARIGL) at a final 
concentration of 20 pg per mL was added Rates were cultured 
overnight at 37°C 5% CO& washed extensively, and Incubated 
with 100 pL of the blotinylateci antMFN^y mAb AN18.17.24 (2 mo 
per mU Schmltt el a/, 1994) for 2 h. Detection was carried out 
with peroxidase conjugated to streptavidn at a dilution of 1/5000 
(Boehringer Mannheim, Mannheim, Germany). After 1 h of incu- 
bation with peroxidass-oonjugated streptavidn (dilution of 1:5000, 
Boehringer Mannheim), spots were developed by adding 100 uLcf 
substrate (a8 mg per mL 3^-Diaminobenzidne (5igma)/0,4 mg 
per mL MCfe (Sigma)/0.Q09% HgQa in 0.1 M Tris pH 7.5) and the 
reaction was stopped after 10-30 mtn by washing with amortized 
HaO. Spots were counted subsequently with the EUSPOT 
Bioreader-2000 (Blosys GmbH, Karben, Germany). 

Statistical analysis Fisher's exact test was used to evaluate 
statistical differences in tumor protection rates between pUK21~ 
A2/mPmel17 and pMCG1 6/mPmel1 7-immunized mice as well as 
to evaluate cOfferances with the respective control vector-treated 
mice. 
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